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a programme of scientific teaching in the 
former Pasteur Institutes or other institutes. 
This is run by scientists from the Pasteur 
Institute in Paris. Microbiology is taught at 
the Pasteur Institute in Algiers, immunol- 
ogy at the Pasteur Institute in Tunis, 
immunology and virology in Hanoi and 
Ho-Chi-Minh-ville. Further technical 
co-operation includes mycological research 
and the biological control of disease vectors 
in Mexico, teaching molecular genetics in 
Brazil, molecular biology in Venezuela, 
genetic engineering in China and mycology 
and bacteriology in Kuala Lumpur 
(Tropmed). 
Research programmes appfied to local 
public health problems 
Because of limitations in research grants, 
the Delegation for Overseas Pasteur Insti- 
tutes has to co-ordinate research pro- 
grammes. In effect this is done by three 
steering committees composed of special- 
ists from many countries. The three top 
priorities at present are leprosy, parasitol- 
ogy and virology which will encompass 
immunology, biochemistry and molecular 
biology as well as medical and 
epidemiological studies. Parts of these 
programmes are carried out overseas and 
parts in Paris. 
In addition to surveillance and control 
activities, there are four programmes in lep- 
rosy. The armadillo, which is one of the 
rare animal models available to study the 
infection, provides enough antigen at the 
Pasteur Institute in Cayenne (French 
Guyana) for studies in Paris, Dakar, Tahiti, 
Noumea and Guadeloupe. Man's specific 
and non-specific cellular and humoral 
responses to infection and their modifica- 
tions under chemotherapy and chemo- 
prophylaxis are studied in Cayenne and 
Dakar. Transmission of leprosy and 
immnnogenetic factors are studied in 
Cayenne. Drugs and resistance are studied 
in Guadeloupe, French Guyana, Tahiti and 
New Caledonia. 
Parasitologists are mainly concerned 
with studies on malaria, leishmaniasis and 
Wuchereria bancroft i  fdiariasis. Salmiri 
monkeys available in French Guyana pro- 
vide the malaria antigen of Plasmod ium 
fa lc iparum and P. vivax. The immune 
response of this monkey is studied at 
Cayenne and of man at Dakar and Paris. 
Cutaneous and sub-cutaneous (kala azar) 
leishmaniasis are studied at Dakar and 
Cayenne, and the membrane proteins are 
studied in the Pasteur Institutes of Athens 
and Paris, in collaboration with Brazil and 
Bolivia. Scientists studying W. bancroft i  
filiariasis in Tahiti have disclosed some of 
the immune mechanisms which control the 
microfilariema. 
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The forest life cycle of yellow fever, 
dengue and other arboviruses is studied by 
virologists at the Pasteur Institutes i n  
Dakar, Abidjan, Bangui and Cayenne. 
Dengue is also studied in Tahiti and 
Noumea where outbreaks have recently 
occurred. The molecular structure of yel- 
low fever virus and its possible application 
to vaccine preparation and specific diag- 
nosis is studied in Dakar. Haemorrhagic 
fevers caused by Lassa, Marburg and Ebola 
viruses are studied in Dakar, Abidjan and 
Bangui. Indeed, the Pasteur Institute in 
Dakar is a regional WHO Collaborating 
Centre for arboviruses. The differences 
between rabies viruses are studied in the 
Pasteur Institute in Paris in collaboration 
with the Institutes in Dakar, Abidjan, Ban- 
gui, Tananarive, Tunis and Casablanca. 
Other diseases of public health impor- 
tance are also subject to study: diarrhoeas, 
viral hepatitis, Burkitt's lymphoma, 
respiratory infections and genetic diseases 
(drepanocytosis (sickle cell anemia) in 
Guadeloupe and diabetes in Noumea). 
Future trends 
The flexible formula adopted to maintain 
the Pasteur Institutes after 1960 has proved 
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its worth. The resulting heterogeneity of 
structure does not adversely affect the work 
of the institutes. However, the increasing 
sophistication of research necessitates a 
close co-ordination of the work of the vari- 
ous Institutes. Training and technical sup- 
port are essential for maintaining an ade- 
quate level of msea~h. Scientists are trained 
locally and at the Pasteur Institute in Paris 
where they graduate in the same way as 
their French colleagues. Refresher training 
is ensured through a turnover of assign- 
ments in Paris and overseas. Part of the 
expatriate scientific personnel (more than 
50) is loaned by the Army, others belong to 
the scientific staff of the Pasteur Institute in 
Paris and have a conWact stating that they 
should spend 60% of their time overseas 
and 40% of their time in Paris. Grants are 
received from different French ministries 
and a few from international agencies. 
However, as local resources are added to 
grants it is not possible to evaluate the total 
budget available to all the institutes. 
Pasteur's idea has survived him for more 
than 90 years. The cement of this network is 
a common education, a common dedica- 
tion, a common philanthropy and the pres- 
tige of a name. 
Is superoxide important in oxygen 
poisoning? 
James A. Fee 
That the hypothesis of superoxide- 
mediated oxygen toxicity, formulated in 
19711, has failed to gain a coherent, gener- 
ally verifmble experimental foundation has 
recently been discussed in a number of 
specialized communications 2-s*. I should 
like to inform a more general audience of 
what I believe are important shortcomings 
of the hypothesis, and to recall an older 
one s which now appears to offer real hope 
for understanding oxygen poisoning at the 
molecular level. Controversy in this field 
originates mainly from differences in the 
interpretation of  empirical facts and the 
relative weights they contribute to assessing 
the correctness of the superoxide 
*This brief discussion is abstracted from Refs 2-5 
which may be consulted for references to the original 
literature. 
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hypothesis and to a lesser extent from dis- 
agreement over the validity of experimental 
observations. Let us begin by recounting 
the basic premises of the superoxide para- 
digm and describing the areas of agreement 
and disagreement. 
The hypothesis I that superoxide medi- 
ates oxygen toxicity is predicated on three 
essential ideas which can be transliterated 
into some simple chemical processes. First, 
superoxide is formed by aerobic organisms. 
Second, superoxide is in some manner 
toxic to the cell. Third, superoxide dismu- 
tases exist for the essential purpose of 
eliminating superoxide. These concepts 
can be written as exemplary cbemicaI reac- 
tions: 
x + o ~ - - , x +  + o~ [1] 
O~ + IGO2 + H+ ---~ O2 + I-GO + OH • [2] 
2 O2- + 2H + ---* (h  + I-I202 [3] 
In Reaction [1] a single electron is trans- 
ferred to ground-state dioxygen from an 
unspecified compound, X, to form 
TIBS - March 1982 
superoxide and an oxidized substance, X + . 
Superoxide has been detected during the 
autoxidation of a variety of well defined 
substances as well as complex systems, 
including whole cells. Thus, there exists a 
body of literature which fully supports the 
concept that superoxide is a minor but sig- 
nificant product of the aerobic lifestyle. 
Controversy arises from disagreement over 
the subsequent actions of superoxide, and 
in recent times little attention has been 
given to the other product of Reaction [1], 
X +" 
In spite of extensive efforts by chemists 
and biochemists alike, no direct reaction of 
aqueous superoxide with a cellular sub- 
stance has been discovered which can he 
even remotely considered to account for the 
toxicity of oxygen. Moreover, the chemis- 
try of superoxide, which is now quite well 
understood, holds little hope for finding 
such a reaction 7.s. Nevertheless, a signifi- 
cant number of destructive processes involv- 
ing both superoxide and hydrogen peroxide 
have been reported which are best under- 
stood in terms of hydroxyl radical produc- 
tion as shown by Reaction [2], and suppor- 
ters of the superoxide hypothesis appear to 
have settled on this reaction as a molecular 
basis of superoxide toxicityL Certainly, 
everyone agrees that OH" has the necessary 
chemical reactivity to destroy biological 
molecules rapidly and indiscriminately. 
However, before Reaction [2] slips into 
symbolic use as the origin of oxygen toxic- 
ity there are some important features of this 
process which need thorough considera- 
tion: (a) as written, the reaction does not 
occur; (b) the reaction can be catalyzed by 
various transition metal ions, e.g. iron, in 
which case it must be written as a composite 
of reaction [4] and the Fenton reaction, [5] 
O~- + Fe(III) --, 02 + Fe(II) [4] 
Fe(II) + 14_202 --+ Fe(m) + H~O + OH-J5] 
the sum of which is Reaction [2] and; (c) in 
the composite reaction, the sole function of 
02- is to act as a one electron reductant of 
the higher valent form of the metal ion. 
While there is no disagreement that reac- 
tions [4] and [5] occurin vitro, where trace 
metal contaminants abound, there is dis- 
agreement on whether this process occurs 
in vivo. 
Reaction [3] occurs spontaneously with a 
second-order rate constant of 10nM-ls-I at 
pH 7 and is catalyzed by a variety of co- 
ordination complexes of Cu, Fe, and Mn TM. 
Within some cells the reaction is clearly 
catalyzed by superoxide dismutases, metal- 
loproteins characterized by binding Cu, Fe, 
or Mn ions. It has been concluded from var- 
ious biological studies that superoxide dis- 
mutases provide 'a  first line of defense' 
against the toxicity of oxygen. However, 
when all relevant observations are 
examined thoroughly 1 think such a conclu- 
sion is not justified. Thus, while there is 
agreement that superoxide dismutases exist 
within many cells and that they catalyze 
Reaction [3]; there is disagreement on 
whether this activity provides protection 
against oxygen poisoning. 
To focus the controversy, let us consider 
three questions: (a) Is the formation of hy- 
droxyl radical by superoxide mediated 
Fenton chemistry (Reactions [4] and [5]) 
responsible for O~ toxicity? (b) Do obser- 
vations on the presence of superoxide 
dismutases in biological systems support 
the theory? (c) Should dioxygen itself be 
reconsidered as the source of O2 poisoning? 
Is 02 toxicity due to the combined action 
of O~-, H202, and metal ions? 
There are compelling reasons why Reac- 
tions [4] and [5] must be regarded with 
great suspicion as an important mechanism 
of oxygen toxicity: Superoxide can he 
replaced by other reducing agents in reac- 
tion [4], thus, 
AH2 + Fe(lll) ---, AIG + + Fe(II) [6] 
and several recent studies have shown that a 
destructive process being effected via Reac- 
tions [4] and [5] can he made totally insensi- 
tive to inhibition by superoxide dismutase if 
Reaction [6] is begun as a parallel reac- 
tion x~.~2. Thus, cellular reducing agents t3 
might be expected to completely override 
any contribution of [4] to the velocity of [5]. 
A second concern one must have is whether 
intracellular metal ions ate free to partici- 
pate in [5]. Indeed, there are good teleolog- 
ical reasons to suspect that Reaction [5] is 
very carefully controlled within the cell 
(probably by metal ion sequesteration), and 
the fact that some organisms grow in rather 
high concentrations of I-I202 tends to sup. 
port this view. Finally, many symptoms of 
oxygen poisoning are rapidly reversible; 
this is not consistent with the wide spread 
damage anticipated from the occurrence of 
Reaction [5]. 
Do observations of biological systems 
support the theory? 
The biological facts which tend to cast 
doubt on the original conclusions derived 
from surveys of various organisms, induc- 
tion of superoxide dismutase under oxidiz- 
ing conditions, and preliminary genetic 
studies are as follows: (a) Superoxide dis- 
mutasos exist in a wide variety of strictly 
anaerobic organisms, and there is no obvi- 
ous correlation between the amount of dis- 
mutase within a particular organism and its 
sensitivity to oxygen. (b) There are now 
four distinctly different, aerobic types of 
cells which lack superoxide dismutases. 
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These are Lactobacillus plantarum t ,  some 
strains of Neisseria gonnorhoea and of 
Mycoplasma, and adipocytes. These few 
examples are living proof that superoxide 
dismutase is not an essential requirement of 
the aerobic lifestyle. (c) Experiments show- 
ing that certain redox dyes, such as methyl- 
viologen, were capable of inducing the 
manganese form ofdismutase in E. coli and 
that such cells were resistant to killing by 
hyperoxia x5 are impossible to interpret in 
terms of a protective effect due to increased 
superoxide dismutase since neither hyper- 
baric oxygen nor aerobic methylviologen 
by themselves are lethal to E. coli TM. Thus, 
the protection which was obtained against 
the killing of cells in the presence of 
puromycin (an inhibitor of protein synth- 
esis) cannot be directly attributable to the 
increased level of superoxide dismutase. 
Indeed, Simons et al iv manipulated the 
superoxide dismutase levels by varying the 
concentrations of Mn and Fe in the culture 
media and found no difference in the degree 
of protection against the bactericidal mix- 
ture. Finally (d), the genetic experiments 
reviewed in Ref. 18 are internally inconsis- 
tent and do not support the idea that either 
manganese- or iron-superoxide dismutase 
offer protection against oxygen poisoning 
in E. coli. In summary, the biological 
experiments cannot be rationalized with the 
widely accepted view that superoxide dis- 
mutases protect an organism from oxygen. 
Should dioxygen itself be reconsidered as 
an important element of oxygen toxicity? 
The free radical theory of oxygen tox- 
icity TM, of which the superoxide hypothesis 
is but a part, holds that super0xide and the 
other reduced forms of oxygen which, 
derive from it are responsible for oxygen 
poisoning. Unfortunately, after some 25 
years of invoking free radicals as the source 
of oxygen poisoning there is no proof they 
are causative agents*, and alternative hy- 
potbeses need to be entertained. 
One of the shortcomings of the free radi- 
cal theory is that by focussing attention on 
the reduced forms of oxygen, inadequate 
attention has been paid to the nature of the 
t'I'~ recent claim that this organism accumulates high 
levels of Mn(II), which itself possesses a weak 
dismutase-like activity, for the purpose of dismuting 
O~- seems improbable in view of the fact that Mn(tt) is 
required for transcription in lactobacfllP 4. 
*The free radical theory is obviously important in con- 
siderations of biological oxidations. Some examples of 
free-radical mediated oxygen toxicity are lipid peroxi- 
dation, oxygen dependent destructive activities of cer- 
tain macrophages, and the effects of some redox active 
drugs, such as dialuric acid, on various tissues, How- 
ever, these processes are clearly not the primary events 
of oxygen poisoning, and the participation of superox- 
ide is certainly not established. 
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other participants in Reaction [1]. How- 
ever, prior to the popularization of the 
superoxide theory, extensive work had 
been done on the in vitro sensitivity of 
enzymes and other cell components to 
hyperbaric oxygen, and the prevailing 
theory was that enzymes were inactivated 
in vivo by oxygen. Thus, in Reaction [ 1], a 
critical enzyme, symbolized by X, would 
be inactivated ( X + ) ,  thereby disrupting the 
overall metabolism of the cell. Haugaard, 
who reviewed this literature in 19686 , gave 
two reasons the hypothesis did not gain 
wider acceptance: 'First, inactivation of 
enzymes in vitro appeared to be too slow in 
onset to account for the symptoms that 
occurred in the intact animal. Second, no 
conclusive demonstration had been made 
that any enzyme, in any organ of the intact 
animal, was inhibited during exposure of 
the animal to oxygen at an elevated pres- 
sure.' However, there are now several 
examples of enzymes which are rapidly and 
directly inactivated by dioxygen, and there 
are clear-cut demonstrations of enzyme 
inactivation in vivo. Two examples of 
enzymes inactivated in v ivo ,  in the pres- 
ence of superoxide dismutase, are 
amidophosphoribosyl transferase 2° (purine 
biosynthesis) and dihydroxyacid dehydra- 
tase 21 (branched chain amino acid biosyn- 
thesis). These and other examples suggest 
the possibility that understanding oxygen 
toxicity will require sensitive enzymes be 
identified, isolated, and characterized in 
terms of their reactivity towards oxygen in 
much the same manner one would deter- 
mine the mechanism of an enzyme. 
We are left with the question of why cells 
have superoxide dismutases. The following 
possibilities should be considered: (a) all 
superoxide dismutases are involved in pro- 
tection of cells against oxygen toxicity; (b) 
superoxide is a metabolite whose concen- 
tration must be controlled; (c) superoxide 
dismutase activity is a trivial property of 
metalloproteins, inherent to the metal ion, 
and the real biological functions have not 
yet been discovered and; (d) combinations 
of the above. 
In view of this discussion, possibility (a) 
seems unlikely. However, possibility (b) 
cannot be excluded, and certain observa- 
tions suggest that 02 may play some role 
in the chemotactic response of mac- 
rophages 22. However, it is difficult to 
imagine why strictly anaerobic organisms 
which are highly sensitive to oxygen, such 
as the methanogens, express this type of 
activity. For some time the author has enter- 
tained possibility (c), however, there is no 
direct evidence in support of alternate func- 
tions for these proteins. It is hoped that 
genetic studies will shed light on this prob- 
lem. 
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Validity of scientific data- the 
responsibility of the principal 
investigator 
Harvey F. Lodish 
The complex rules that govern the practice 
of modern science are rarely set down in 
writing - at least not in a form which would 
be read by most practicing biochemists. 
They are passed - or should be - by exam- 
ple from mentor to Ph.D. student, from lab 
director to research staff and fellows. To 
my mind the most important of these con- 
cerns the mechanisms by which one ensures 
that all published data are true and reliable, 
and can be used as a basis for further inves- 
tigations by other laboratories. 
The principal investigator (P.I.) must 
play the key role in this process. In most 
American universities and research insti- 
tutes, this would be the actual P.I., the one 
who is the recipient of the grant which sup- 
ports the work. In laboratories with other 
Harvey F. Lodish is at the Department of  Biology, 
Massachusetts Institute of  Technology, Cambridge, 
MA 02139, U.S.A. 
organizational structures, this would be the 
person who actually directs the work in 
question, not necessarily the director of the 
entire laboratory. In practical terms, this 
would be the person who submits the paper 
to the journal, and who (generally) puts his 
or her name at the end of the list of authors. 
It is generally unreasonable to expect the 
Head of a Department, or Director of the 
Institute, to play an immediate role in the 
process of validation and verification, 
given the diverse types of projects and 
techniques that are underway in even most 
medium-sized departments or institutes. 
Many of the recent scandals concerning 
forged or doctored data stem from the fact 
that most research groups tend to be rather 
large, and that the principal investigator or 
lab chief did not have a direct role in the 
supervision or conduct of the experiments. 
Biochemical methodology is evolving very 
rapidly. It is now very common for a Ph.D. 
